Cereals, especially barley, are an important source of vitamins, minerals, dietary fibre and various phytochemicals, such as alkylresorcinols (ARs
INTRODUCTION
The consumption of whole grain foods is strongly associated in many epidemiological studies with a reduced incidence of diet-related diseases, e.g. cardiovascular disease, type II diabetes and certain cancer types (Montonen et al., 2003; Munter et al., 2007; Gil et al., 2011) . Alkylresorcinols (ARs) are phenolic lipid compounds from the bran fraction in cereals such as rye, wheat, triticale, and barley (Zarnowski and Suzuki, 2004a; Ross, 2012a) . ARs are 3-dihydroxy-5-alkylbenzene derivatives with oddnumbered, mostly saturated hydrocarbon side chains typically ranging from C15 to C25. More than 99% of ARs are located in the intermediate layer of the grain (Landberg et al., 2008) . ARs have been suggested as potential biomarkers for whole grain wheat, rye, triticale and barley in food products (Ross et al., 2012b) and have been used in multianalyte methods for determining the presence of different cereal fractions in foods (Barron et al., 2011) .
The potential health benefits and biological activities of ARs have generated significant scientific interest. For example, ARs from wheat bran may contribute to colon cancer prevention, as indicated by in vitro and in vivo animal studies (Ross, 2012b) . These compounds can incorporate into membranes and inhibit the activity of some enzymes (Stasiuk and Kozubek, 2010) . ARs have antigenotoxic and antioxidant activity in protecting lipids against air-induced oxidation under in vitro conditions (Korycinska et al., 2009) . Dietary ARs also regulate g-tocopherol and cholesterol levels in rat liver (Ross et al., 2004) . In addition, ARs can be used as a method for checking contamination of non-gluten containing cereals with gluten containing cereals (wheat, rye, and barley) (Ross, 2012b) . ARs are not destroyed during food processing (Gunenc et al., 2013a) and are well absorbed in humans (Ross et al., 2003) .
ARs in cereal grain and products have been quantified using high performance liquid chromatography HPLC-DAD PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) , No. 4 (697) (Geerkens et al., 2015) , (HPLC)-Coularray-Based Electrochemical Detection (Ross and Kochhar, 2009 ), ultra-highpressure liquid chromatography (UHPLC) (Ross, 2012a) , gas chromatography (GC) (Ross et al., 2001; Landberg et al., 2009; Athukorala et al., 2010; Gunenc et al., 2013b) and colorimetric method by using Fast Blue B BF 4 (Korycinska et al., 2009) . Various extraction methods are used: 24-h extraction with acetone (Gunenc et al., 2013b) or ethyl acetate (Ross et al., 2001; Landberg et al., 2008) and continuous stirring at room temperature, by soaking plant material three times with the same amount of acetone for 24 h each (Zarnowski et al., 2002) , 48 h extraction with acetone by continuous stirring at room temperature (Korycinska et al., 2009) , extraction using the Soxhlet apparatus (Zarnowski and Suzuki, 2004b); a two-step sequential supercritical carbon dioxide (SC-CO 2 ) extraction technique (Athukorala et al., 2010) and a rapid ultrasound-assisted extraction procedure was used recently (Geerkens et al., 2015) .
Barley grain was chosen for this study because of its growing popularity in human consumption, high content of fibre, phenolic compounds and a low amount of ARs, which is very useful for method validation. Rye grain was included because of its high amount of ARs and for comparison of recovery parameters with barley samples.
The main purpose of this work was to validate our developed accelerated Soxhlet extraction method for extraction of ARs from cereals and to compare the results with the 24-h extraction procedure, which was conducted on a shaker table. Also we sought to simultaneously verify the applicability and efficiency of our HPLC-PDA method for the quantitation of ARs homologues in the grain extracts, including the most common validation parameters. To our knowledge there have been no reports about validation of the accelerated Soxhlet extraction method in conjunction with HPLC-PDA.
MATERIALS AND METHODS
Chemicals. Authentic AR standards C15:0 (5-n-pentadecylresorcinol), C19:0 (5-n-nonadecylresorcinol), C21:0 (5-n-heneicosylresorcinol) and C23:0 (5-n-tricosylresorcinol) were purchased from Fluka (St. Louis, USA) and were ?95% purity. All standards were prepared as 2.5 mg·ml The N application was split, part of the N being applied at the time of sowing and the remaining half at the end of tillering stage (growing stage/GS 29) of the crop. Ammonium nitrate (N 34%) was used a top-fertiliser in the following amount: 40 kg of N per ha (N120) and 80 kg of N per ha (N160). The treatments were laid out in a randomised complete block design; the plot size was 10 m 2 , four replicates.
Barley and rye genotypes were sown with a compact trial drill 'Hege 80' in a well prepared seedbed at a rate of 500 germinating seeds per m². The plot size was 10 m 2 , four replicates.
Cereal grain samples (16 barley samples and one rye sample) harvested in 2013 were provided by the State Stende Cereal Breeding Institute (SSCBI) (Latvia) ( Table 1 ). All grain samples were milled and sieved in order to obtain the required particle size of 0.7 mm.
The 24-h procedure for extraction of ARs. According to a slightly modified method of Ross et al. (2001) , ARs were extracted from a 0.50 ± 0.01 g samples of cereal grains with 20 mL of ethyl acetate for 24 h with continuous shaking on a shaker table (B Braun Biotech Certomat SII 886252/4, Germany) at 270 rpm and room temperature. The extract was centrifuged at 4500 rpm for 10 min and the supernatant (4 mL) was then evaporated to dryness. Methanol (0.5 mL) was added and the samples were filtered through 0.2 mm PES (Vivaspin 500, Sartorius Stedim Biotech GmbH, Germany) filters and centrifuged for 5 min at 3000 rpm before injection into the HPLC.
Accelerated Soxhlet extraction method (ASE). The extraction was performed with a Soxtec™ 2055 Fat Extraction
System (FOSS Analytical, Denmark). Grain samples (2.0 ± 0.1 g) were weighed into a cellulose thimble (33 × 80 mm) together with glass wool to obtain a clear extract, which was inserted into the extraction unit. Dichloromethane and hexane as 1 : 1 mixture (75 mL) was added to the system. The cups were heated on an electrical hot plate to 130°C. The four-step extraction procedure consisted of boiling (30 min), rinsing (30 min), recovery (10 min) and pre-drying (3 min). The extracts were evaporated under slow nitrogen stream and methanol (1.0 mL) was added. The samples were shaken and ultrasonicated for 5 minutes, then centrifuged at 4500 rpm for 10 min. Portions of extract (200 µL) were filtered through 0.2 mm PES filters and centrifuged for 5 min at 3000 rpm before injection into the HPLC instrument. Dichloromethane and hexane were chosen as more appropriate solvents due to better compatibility with the ASE apparatus.
All samples were extracted in duplicate, and the results are reported based of fresh weight (FW). AR homologues C15:0, C19:0, C21:0 and C23:0 were quantified using an external standard method and were identified also according to their spectra (Kulawinek and Kozubek, 2008) . All quantifications were performed using linear calibration curves generated with authentic standards (from 0.5 to 600 µg·mL -1 ) and were based on peak area.
HPLC-PDA analysis. The analyses were carried out on a Alliance 2695 HPLC (Waters, USA) with a Waters Photodiode Array Detector 2996 scanning between 260 and 295 nm. Separation of AR homologues was achieved on a Luna C18 column (4.6 × 150 mm, 5 µm) from Phenomenex (USA). The gradient programme used was: flow rate of 1.00 mL·min -1 starting with a mobile phase of methanol/water In the second method, repeatability was validated by seven independent determinations using two different concentrations (0.5 and 5.0 µg·mL -1 ) of the reference substances C15:0; C19:0; C21:0 and C23:0 with a two-day gap according to The Fitness for Purpose of Analytical Methods (2014). In addition, repeatability experiments with barley and rye samples were conducted also with the standard addition method: a) A 1 ml aliquot of 5.0 µg·ml -1 methanolic standard (C15:0; C19:0; C21:0 and C23:0 ) was evaporated to dryness in the extraction flask and 24 h extraction with HPLC analysis were carried out as described above (in six replicates).
b) Aliquots of 40 µl (100 µg·mL -1 ) and 160 µl (400 µg·mL -1 ) from 2.5 mg·ml -1 methanolic standards of C15:0 and C23:0 were added to barley and rye samples before applying the ASE method, respectively (in three replicates).
Repeatability was expressed by the coefficient of variation (CV) of mean values.
Intermediate precision was ascertained by six independent determinations with a two-week gap. This experiment was conducted with authentic standards only by using 0.5 
Recovery. (a)
The 24-h extraction recovery for barley and rye flour was determined by adding authentic standards (C15:0, C19:0; C21:0 and C23:0), using concentrations in the range of 5.0-100 µg·ml -1 . An aliquot of 1 mL methanolic standard solution was evaporated to dryness in the extraction flask followed by 24-h extraction and HPLC analysis as described above; (b) accelerated Soxhlet extraction recovery was determined by addition of authentic C15:0 and C23:0 standards at concentrations of 20 and 100 µg·ml -1 for barley; 100 and 400 µg·ml -1 for rye.
Recovery experiments were conducted in triplicate and evaluated according to Causon (1997) . The parameter was expressed by the CV of mean values. and LOQ ASE were also the lowest for C15:0 with 13 and 45 ng on column (see Table 2 ).
RESULTS

Method
Averaged recoveries varied from 91% to 95% for all ARs tested, and for both extraction methods (Table 3) with CV < 3.7%. An exception was observed for C15:0 (88.5%) in a barley sample and for C19:0 (89.3%) in a rye sample when using the 24-h extraction method.
Coefficients of variation of repeatability for pure standard experiments (according to two different international guidelines) were < 3.0%, with the best value for C15:0 (CV < 1.6%). The CV values for repeatability parameters when using the 24-h extraction method varied from 2.7% to 9.1% for barley and rye samples, and from 0.8% to 5.0% for both samples when using the ASE method. As shown in Table 2 , the obtained coefficient of variation for intermediate precision for all homologues of ARs was < 3.4%. of AR analysis (Table 4) varied from 2.11 ± 0.04 to 3.8 ± 0.1 mg·100 g -1 FW in the case of 24-hour extraction and from 2.66 ± 0.06 to 5.7 ± 0.2 mg·100 g -1 FW in the case of accelerated Soxhlet extraction.
DISCUSSION
Method validation for analyses of ARs in cereals.
Validation of the elaborated method demonstrated that all calibration curves of AR standards showed good linearity (R 2 > 0.99) over a wide range of concentrations. Instrument LOD and LOQ for C15:0 were 0.67 and 2.23 ng on column, whereas Geerkens et al. (2015) reported a lower sensitivity for C21:0 with LOD 1.2 ng and LOQ 3.6 ng on column. Method LOD 24h and LOQ 24h for C15:0 were 1.73 and 5.77 ng on column and method LOD ASE and LOQ ASE for C15:0 were 13.4 and 44.8 ng on column, while Ross (2012a) reported the best sensitivity of LOD = 0.5 ng on column and LOQ = 1.25 ng on column by applying ultra-high-performance chromatography with UV detection at 276 nm.
The elaborated method demonstrated an appropriate recovery rate for all ARs tested, and for both extraction methods with CV < 3.7%. Repeatability was determined according to international guidelines (Anonymous 2005) (Table 2 ) and the obtained coefficients of variation of repeatability for pure standard experiments were even below 3.0% and this criteria indicated full appropriateness for determination of ARs in grain samples.
Different CV values were obtained for repeatability parameters when between the 24-h extraction method (from 2.7% to 9.1%) and ASE method (from 0.8% to 5.0%). Therefore, the procedure proposed within the current study demonstrated clearly improved repeatability. In a previous study, Ross and Kochhar (2009) showed improved repeatability for decreased alkyl chain length from C25:0 to C21:0. In our research, this tendency was observed when using the ASE method (Table 2 ) -from C23:0 to C15:0 for both cereal samples. were up to 1.5 times higher than the results obtained using 24-hour extraction of barley samples ( by Zarnowski and Suzuki (2004b) for C15:0, C19:0, C21:0 and C23:0 homologues, although higher than reported by Bobere et al. (2013) (£ 1.67 mg·100 g -1 FW for C21:0 and C23:0). However, such variations are probably due in part to differences in analytical methods and also the AR content of cereals appears to be highly variable, depending on cultivar and environmental conditions.
Content of
The AR content in the rye sample was higher in the case of using the accelerated Soxhlet extraction method: 54.0 ± 0.3 mg·100 g -1 FW for ASE and 48.0 ± 1.0 mg·100 g -1 FW for 24 h, respectively. These values are comparable to those reported previously: 50.9 mg·100 g -1 FW by Geerkens et al. (2015) , 57.3 mg·100 g -1 FW by Landberg et al. (2007) , although lower than reported by Bobere et al. (2013) , where the averaged content of C15:0, C19:0, C21:0 and C23:0 was 61.5 mg·100 g -1 FW.
Assessment of the AR content depending on barley genotype showed significantly higher concentration found in the 'Ansis' genotype (4.67 ± 0.87 mg·100 g -1 FW, followed by '1165' (4.09 ± 0.43 mg·100 g -1 FW), 'Kornelija' (2.80 ± 0.40 mg·100 g -1 FW) and '1185' (2.71 ± 0.05 mg 100·g -1 FW)
genotypes. No statistically significant effect of growing conditions on AR content was observed in the current study.
Not all laboratories have modern chromatographic and extraction equipment available. The HPLC-PDA apparatus is suitable and easy to use by an expert. The accelerated Soxhlet extraction method developed in our study has only one drawback -it requires 75 mL of solvent, although dichloromethane and hexane have relatively low toxicity and low cost. The extraction time is only a little longer than one hour, and the extracted amounts are higher compared to 24-h extraction, repeatability is £ 5% for barley and rye grains, and the average recovery is ³ 88% and ³ 93% for barley and rye, respectively. Application of the ASE method and dichloromethane/hexane extraction is useful, as it is both a rapid and reliable preparative procedure. These advantages make ASE an excellent alternative to other extraction methods and will be also valuable as an extraction method for food and feed analyses. 
